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Description
Technical Field

[0001] The present invention relates to a plasma etching method for preferentially etching a silicon nitride film (SiNx)
arranged on a surface of a target object, such as a semiconductor wafer.

Background Art

[0002] In manufacturing processes of semiconductor devices, such as ICs and LSlIs, predetermined circuit patterns
are formed by subjecting a semiconductor wafer to film formation by means of, e.g., CVD (Chemical Vapor Deposition),
and patterning by means of, e.g., etching. There is plasma dry etching as a representative of the etching processes. In
plasma dry etching, a patterned photo-resist film is used as a mask and the exposed portion of an objective film is
etched by an etching gas which has been turned into plasma.

[0003] Inplasmadry etching, it is important to set the selectivity of an objective film to be etched, relative to a different
kind of film not to be etched, to be as high as possible. Conventionally, a mixture gas of CHF3 gas and O, gas is used
to preferentially etch a silicon nitride film (SiNx) relative to a silicon oxide film (SiO5). This mixture gas is used along with
Ar gas, which is a carrier gas. Where the mixture gas of CHF3 gas and O, gas is used, the selectivity of SiNx relative
to SiOy, i.e., (an SiNx etching rate]/(an SiOs etching rate) is about two at most. In this case, the selectivity of SiNx rel-
ative to Si, i.e., (an SiNx etching rate]/[an Si etching rate] is also about two at most.

[0004] Where requirements on line widths and hole diameters are not so strict, a selectivity of about two does not
cause serious problems. However, where the line widths and hole diameters are required to be of the sub-micron order,
with an increase in the density and integrity degree of semiconductor devices, a selectivity of about two cannot satisfy
the requirements.

[0005] Jpn. Pat. Appin. KOKAI Publication No. 8-59215 (US No. 08/189027) discloses an etching method which uses
a mixture gas of CH,F,_, (x=2 to 3) and one or more oxygen-containing gases selected from a group consisting of Os,
CO and CO., in order to preferentially etch silicon nitride relative to silicon oxide, metal silicide, or silicon. In this etching
method, preferably, the CH,F,., consists essentially of CHF3, the oxygen-containing gas consists essentially of CO,
CO,, or both of them, and more preferably, CO». As a result, this publication states that this etching method improves
the selectivity, i.e., [an SiNx etching rate]/[an SiO, etching rate], to be about four.

[0006] On the other hand, in plasma dry etching, it is important to keep the planar uniformity of etching high, the planar
uniformity being defined by the difference between processed sizes at the center and the periphery of a target sub-
strate. For example, it can be said that the planar uniformity is preferable where the difference between processed sizes
at the center and the periphery falls within a range of £7%, and more preferably within a range of +5%. The selectivity
and the planar uniformity have a trade-off relationship in terms of a certain parameter. Jpn. Pat. Appln. KOKAI Publica-
tion No. 8-59215 described above states a summary account about the selectivity, but does not at all consider the pla-
nar uniformity.

Disclosure of Invention

[0007] The present invention has been made in light of the above described prior art, and its object is to provide a
plasma etching method which can present a good balance between the etching selectivity and the etching planar uni-
formity of silicon nitride relative to silicon oxide and silicon.

[0008] According to the present invention, there is provided a method of plasma-etching a target substrate in a plasma
etching apparatus, the target substrate having a surface on which a first layer consisting essentially of silicon nitride and
a second layer consisting essentially of silicon or silicon oxide are arranged, comprising the steps of:

setting the etching apparatus in light of a set value of etching selectivity of the first layer relative to the second layer,
and a set value of etching planar uniformity defined by a difference between sizes to be processed at a center and
a periphery of the target substrate;

placing the target substrate in a process chamber of the etching apparatus;

supplying a process gas into the process chamber, while exhausting the process chamber, the process gas com-
prising a mixture gas of CHsF5 gas and O, gas at a ratio of from 55% to 100% in volume percentage, the CHoF5
gas and the O, gas being mixed at a first mixture ratio (CHoF»/O5) of from 0.2 to 0.6 in volume ratio;

turning the process gas into plasma by electric discharge, while keeping the process chamber at a first pressure of
from 50 mTorr to 100 mTorr; and

etching the first layer preferentially to the second layer with the plasma,
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wherein parameters for the planar uniformity, by which the etching apparatus is set in light of the set value of the planar
uniformity, include the first pressure and the first mixture ratio, and as the set value of the planar uniformity is more strict,
either one of the first pressure and the first mixture ratio is set higher.

[0009] In the present invention, by using the mixture gas of CH-F» gas and O gas, and setting the specific parame-
ters, it is possible to provide a plasma etching method which can present a good balance between the etching selectivity
and the etching planar uniformity of silicon nitride relative to silicon oxide and silicon, particularly to silicon oxide. For
example, the present invention allows a plasma etching process to be performed with a selectivity ([an SiNx etching
rate]/[an SiO, etching rate]) of 3. 5 or more, and a planar uniformity of within £7.0%.

Brief Description of Drawings
[0010]

FIG. 1 is a schematic view showing a plasma etching apparatus for performing a plasma etching method according
to an embodiment of the present invention;

FIGS. 2A to 2C are cross-sectional photographic views showing etching results according to a comparative
method;

FIGS. 3A to 3C are cross-sectional photographic views showing etching results according to a method of the
present invention;

FIG. 4 is an enlarged cross-sectional view showing part of a semiconductor device during a contact hole formation;
FIG. 5 is a graph showing the relationships of the selectivity (SiNx/SiO5) and the planar uniformity relative to the
mixture ratio (CHoF»/Oy);

FIG. 6 is a graph showing the relationships of the selectivity (SiNx/SiO5) and the planar uniformity relative to the
process pressure; and

FIG. 7 is a graph showing the relationships of the selectivity (SiNx/SiO,) and the planar uniformity relative to the
mixture ratio (mixture gas/carrier gas).

Best Mode of Carrying Out the Invention

[0011] AsshowninFIG. 1, a plasma etching apparatus 14 for performing a method according to the present invention
includes a process chamber 16 formed of, e.g., a cylindrical aluminum body. The upper part of the process chamber 16
has a slightly decreased diameter with a step portion, where a ring magnet, described later, is placed. The process
chamber 16 is grounded. A circular and flat worktable 18 formed of a conductive material, such as aluminum, is
arranged as a lower electrode in the process chamber 16. The worktable 18 is supported by a worktable support 22,
which is formed of a conductive material and has a cup like structure, through an insulating member 20 made of, e.g.,
ceramic.

[0012] The bottom of the worktable support 22 is supported by and fixed to the top end of an elevating shaft 26, which
is inserted into an opening 24 formed at the center of the bottom 16A of the process chamber.

[0013] On the top surface of the worktable 18, there is an electrostatic chuck 28 formed of ceramic or polyimide resin
with a conductive plate embedded therein, to which a direct current of high voltage is to be applied. A semiconductor
wafer W, i.e., a target object, is attracted and held on the top surface of the electrostatic chuck 26 by means of Cou-
lomb's force.

[0014] A focus ring 30 made of, e.g., quartz, is arranged on the periphery of the top surface of the worktable 18 to
surround all the circumference of the wafer W on substantially the same horizontal level. The focus ring 30 allows an
electric field to be concentrated toward the wafer surface side during a plasma generation.

[0015] The bottom side of the worktable support 22 and the peripheral edge of the opening 24 formed in the bottom
16A of the process chamber are airtightly connected by a bellows 32 which is capable of extending and contracting.
The bellows 32 allows the worktable 18 to move up and down while keeping the process chamber 16 airtight.

[0016] A cooling jacket 34 like a passageway is formed in the worktable 18, so that the wafer W is kept at a predeter-
mined temperature by causing a coolant to flow in the jacket 34. A plurality of lifter holes 36 are vertically formed through
the worktable 18 at predetermined positions on the periphery of the worktable 18. Wafer lifter pins 38 are arranged to
correspond to the lifter holes 36 and be movable up and down. The lifter pins 38 can be integrally moved up and down
by a pin elevating rod 40 which is inserted in the bottom opening 24 and is vertically driven. A metal bellows 42 capable
of extending and contracting is arranged between each of the pins 38 and the bottom of the worktable support 22 at a
position where the pin 38 penetrates the worktable 22. The bellows 42 allows the pin 38 to move up and down while
keeping airtightness. Where the worktable 18 is located at a position indicated with one-dot-chain lines in FIG. 1, the
wafer can be lifted up or moved down by means of vertical movement of the pins 38. Generally, four wafer lifter pins 38
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are arranged to correspond to the periphery of the wafer.

[0017] A lead line 44 is connected to the worktable 18, and is led out to the outside in an insulated state. The lead
line 44 is connected through a matching circuit 46 to a radio frequency power supply 46, which outputs a radio fre-
quency power of, e.g., 13.56 MHz, so that the radio frequency power for generating plasma can be applied to the
worktable 18.

[0018] On the other hand, a shower head 50 like a thin container is arranged on the ceiling 16B of the process cham-
ber 16 to face the worktable 18. The shower head 50 is provide with a number of spouting holes 52 on the bottom sur-
face, i.e., gas spouting surface, for spouting a plasma gas from the head 50 into a processing space S. The shower
head 50 is formed of a conductive material, such as aluminum having an anodized surface, so that it functions as an
electrode.

[0019] Aring magnet 56 is arranged outside the process chamber to be rotatable in the angular direction. The magnet
56 generates a rotational magnetic field M oriented parallel to the wafer surface in the processing space S. The density
of plasma can be increased by Lorentz force created between the rotational magnetic field M and the plasma.

[0020] The shower head 50 has a gas inlet 58, which is connected to a gas feed pipe 60. The gas feed pipe 60 is
divided into several pipes, so that they are connected to an Ar gas source 62, a CH,F, gas source 64, an O, gas source
66, a C4Fg gas source 71, a CO gas source 72, and an H, gas source 73, respectively. The Ar gas sent from the gas
source 62 is used as an additive gas or carrier gas for dilution. The CHsF> gas and the O, gas sent from the gas
sources 64 and 66 are used as an etching gas for etching a silicon nitride film. The H, gas sent from the gas source 73
is used as an additive gas, which is added if necessary. The C4Fg gas and the CO gas sent from the gas sources 71
and 72 are used as an etching gas for etching a silicon oxide film. These gases are supplied while their flow rates are
controlled by mass-flow controllers 68 and switching valves 70 arranged on the way.

[0021] A wafer transfer port 74 is arranged on a side wall of the process chamber 16 to correspond to a position where
the worktable 18 is moved down. The transfer port 74 is provided with a gate valve G for selectively allowing it to com-
municate with a load-lock chamber 76, which is capable of being vacuum-exhausted. Further, an exhaust port 78 is
formed on a side wall of the process chamber 16 and is connected to a vacuum-exhaust system including a vacuum
pump (not shown), etc.

[0022] The support 22 of the worktable 18 is provided with a baffle plate 80 extending toward the inner wall of the
process chamber. A plurality of baffle holes 82 are formed in the baffle plate 80 for guiding the atmosphere in the
processing space S to the exhaust port 78.

[0023] An explanation will be given to a plasma etching method using the above described apparatus 14, according
to an embodiment of the present invention. The following embodiment is exemplified by a process of forming a contact
hole near a field oxide film of a semiconductor device, which has been formed by a LOCOS (Local Oxidation of Silicon)
process.

[0024] LOCOS processes are performed to form a device isolation region for isolating two device formation regions
from each other, or a device formation region and a field region from each other. The device isolation region plays an
important role in a MOSLSI and the like. Where a contact hole is formed near the device isolation region by etching, it
is necessary, as far as possible, to prevent the silicon oxide film of the device isolation region from being removed by
the etching.

[0025] FIG. 4 is an enlarged cross-sectional view showing part of a semiconductor device during a contact hole for-
mation. In the step shown in FIG. 4, a silicon substrate 2 is covered overall with a SiO» insulating film 6 to be an inter-
level insulating film. A LOCOS field oxide film 4 is formed on the surface of the silicon substrate 2 to define a device
formation region. A wiring layer 10 is extended such that it overlaps the field oxide film 4.

[0026] Where the contact hole is formed to the wiring layer 10, a patterned photo-resist layer 8 is formed on the insu-
lating film 6, as shown in FIG. 4. Then, the insulating film 6 is etched, using the photo-resist 8 as a mask.

[0027] Since the insulating film 6 and the field oxide film 4 are formed of the same silicon oxide, it is impossible to gain
an etching selectivity between the films 6 and 4. Consequently, if the insulating film 6 were to be in direct contact with
the field oxide film 4 thereunder, it would be difficult to stop etching without causing damages to the field oxide film 4.
For this reason, a silicon nitride film 12, which is made of a different material from silicon oxide, is formed overall before
the insulating film 6 is formed on the substrate, though it results in two etching steps.

[0028] Specifically, in the first step, the insulating film 6 is etched, using an etching gas, which presents a large etching
selectivity of SiO, relative to SiNx (silicon nitride), i.e., [an SiO, etching rate]/[an SiNx etching rate]. Then, in the second
step, the silicon nitride film 12 is etched, using an etching gas, which presents a large etching selectivity of SiNx (silicon
nitride) relative to SiO, i.e., [an SiNx etching rate]/[an SiO, etching rate]. As a result, the contact hole is formed toward
the wiring layer 10 while making damages to the field oxide film 4 and the Si substrate 2 as small as possible.

[0029] More specifically, at first, the plasma etching apparatus 14 is set up in accordance with set values, such as
etching rates of the silicon oxide film and the silicon nitride film, an etching selectivity of the silicon nitride film relative
to the silicon oxide film, and a planar uniformity of etching defined by the difference between sizes to be processed at
the center and the periphery of the wafer, in etching of the first and second steps to be described later. For this purpose,
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relationships between the set values and adjustable parameters of the etching apparatus 14 are obtained by experi-
ments in advance, and inputted in a CPU. With this operation, the parameters of the apparatus 14 can be automatically
adjusted by inputting the set values of etching conditions into the CPU.

[0030] The semiconductor wafer W or target object is transferred into the process chamber 16, which has been kept
at vacuum, from the load-lock chamber 76 through a wafer transfer port 74. At this time, on the wafer W, the photo-resist
layer 8 patterned in accordance with the opening size of the contact hole is arranged on the inter-level insulating film 6,
as shown in FIG. 4. The wafer W is mounted on the worktable 18, which has been lowered, as indicated with one-dot
chain lines in FIG. 1, and the wafer W is attracted and held by Coulomb's force of the electrostatic chuck 28. Then, the
worktable 18 is moved up and positioned at a predetermined process position.

[0031] Then, a predetermined process gas is supplied into the process chamber 16 from the shower head 50 while
the process chamber 16 is vacuum-exhausted, so that the process chamber 16 is kept at a predetermined process
pressure. At the same time, a radio frequency electric field of 13.56 MHz is applied between the upper and lower elec-
trodes, i.e., between the shower head 50 and the worktable 18, thereby turning the process gas into plasma and per-
forming an etching process. In addition, the magnet 56 arranged outside the process chamber 16 is rotated to generate
a rotational magnetic field M in the processing space S. By generating the rotational magnetic field M, the plasma can
be confined by Lorentz force, so that the plasma density is increased to obtain a high etching rate.

[0032] In the first step, the SiO5 insulating film 6 is etched only at the contact hole portion. In this step, a mixture gas
of C4Fg gas and CO gas is used as a process gas along with a carrier gas, such as Ar gas. Assuming that the process
chamber 16 has a capacity of from 35 liters to 45 liters, conditions are set such that the process pressure is from 20
mTorr to 60 mTorr, and the flow rates of the C,Fg gas, CO gas, and Ar gas are from 10 sccm to 20 scem, 20 scecm to
300 scem, and 0 scem to 400 scem, respectively. Further, the temperature of the upper surface of the worktable 18 is
set to be from -30°C to 30°C.

[0033] When the contact hole portion of the insulating film 6 is completely etched by etching of the first step, supplies
of the C4Fg gas and CO gas are stopped. Then, the second step, i.e., etching of the contact hole portion of the silicon
nitride film 12 is ready to start.

[0034] In the second step, a mixture gas of CHoF» gas and O, gas is used as a process gas along with a carrier gas,
such as Ar gas. The O2 gas presents the function of removing deposits at the bottom of the contact hole due to reaction
products formed by etching. Assuming that the process chamber 16 has a capacity of from 35 liters to 45 liters, condi-
tions are set such that the process pressure is from 50 mTorr to 100 mTorr, and preferably from 65 mTorr to 100 mTorr.
The flow rates of the CH>F5 gas, O5 gas, and Ar gas are set to be from 20 scecm to 60 scecm, 20 scem to 100 scem, and
50 scem to 300 scem, respectively. Where the flow rate of the mixture gas is too large, the wafer suffers serious dam-
ages. Where the flow rate of the mixture gas is too small, hardly any sufficient etching rate is obtained. Further, the tem-
perature of the upper surface of the worktable 18 is set to be from -30°C to 30°C.

[0035] As described above, in the second step as well,, the process gas is supplied into the process chamber 16 from
the shower head 50 while the process chamber 16 is vacuum-exhausted, so that the process chamber 16 is kept at a
predetermined process pressure. At the same time, a radio frequency electric field of 13.56 MHz is applied between the
upper and lower electrodes, i.e., between the shower head 50 and the worktable 18, thereby turning the process gas
into plasma and performing an etching process. In addition, the magnet 56 arranged outside the process chamber 16
is rotated to generate a rotational magnetic field M in the processing space S.

[0036] By using the mixture gas of CHsF5 gas and O gas as an etching gas, itis possible to greatly improve the selec-
tivity of the silicon nitride film relative to the silicon oxide film and the Si film. For example, this method can improve the
selectivity by about two or three times, as compared to a conventional method using CHF3 gas as an etching gas. Con-
sequently, the silicon nitride film 12 is precisely etched only at the contact hole portion shown in FIG. 4, while the field
oxide film 4 of SiO, and the Si substrate 2 are prevented from being etched as far as possible.

[0037] Note that, although the above described embodiment employs Ar gas as an additive gas consisting of an inac-
tive gas, this gas may be omitted. Further, in place of Ar gas, another inactive gas, such as N, gas, Ne gas, He gas, or
Xe gas, may be used.

[0038] Furthermore, in the above described embodiment, the first step (etching of the silicon oxide film 6) and the
second step (etching of the silicon nitride film 12) are sequentially performed in the same process chamber. However,
for example, the first step may be performed in another processing apparatus, and only the second step may be per-
formed in the processing apparatus shown in FIG. 1.

[0039] An explanation will be given on advantages of using CHoF5 and O, with reference to experiment results.
[0040] FIGS. 2A to 2C are cross-sectional photographic views showing etching results according to a method using
CHF3. FIGS. 3A to 3C are cross-sectional photographic views showing etching results according to a method using
CH5F5. These views each show a result when a hole of 0.6 pm-diameter was formed by etching in SiNx, SiO,, and Si.
In the views, "CENTER" indicates cases where the hole was positioned almost at the center of the wafer surface,
"EDGE" indicates cases where the hole was positioned at the periphery of the wafer surface. Each of the photographic
views is provided with its etching time and etching rate.
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[0041] In the process conditions of the method using CHF3 shown in FIGS. 2A to 2C, the process pressure and the
radio frequency power were set at 40 mTorr and 500W, respectively. As the process gas, CHF3/Ar/O5 was supplied at
a flow rate of 20/100/20 sccm. The temperatures in the process chamber were set such that the upper electrode and
the side wall was at 60°C and the lower electrode was at 20°C.

[0042] In the process conditions of the method using CHoF> shown in FIGS. 3A to 3C, the process pressure and the
radio frequency power were set at 40 mTorr and 500W, respectively. As the process gas, CHoF>/Ar/O, was supplied at
a flow rate of 20/100/20 sccm. The temperatures in the process chamber were set such that the upper electrode and
the side wall were at 60°C and the lower electrode was 20°C. In other words, the two methods differed only in that the
etching gas was CHF3 or CH,F».

[0043] As shown in FIGS. 2A to 2C, in the method using CHF3, the etching rates of SiNx were higher than those of
SiO5 and Si. On average, the etching rates of SiNx, SiO», and Si were 251.7 nm/min, 118.9 nm/min, and 94.0 nm/min,
respectively. Consequently, the selectivities of SiNx relative to SiO, and Si were about 2.1 and about 2.7, respectively.
[0044] On the other hand, as shown in FIGS. 3A to 3C, in the method using CHsF», the etching rates of SiNx were
high, similarly to the method using CHF 3, but the etching rates of SiO, and Si decreased very much. On average, the
etching rates of SiNx, SiO,, and Si were 252.9 nm/min, 65.3 nm/min, and 38.3 nm/min, respectively. Consequently, the
selectivities of SiNx relative to SiO, and Si were about 3.9 and about 6.6, respectively.

[0045] As described above, the method using CHoF5 increased the selectivities of SiNx relative to SiO5 and Si up to
about two times those in the method using CHF3. However, under these experimental conditions, the method using
CH5F5 slightly decreased planar uniformity as compared to the method using CHF 5.

[0046] An explanation will be given on relationships between the selectivity of SiNx relative to SiO, and the planar
uniformity in method according to the present invention.

[0047] FIGS. 5 to 7 are graphs showing results of researching relationships of the selectivity (SiNx/SiO,) and the pla-
nar uniformity relative to various parameters. In FIGS. 5 to 7, "Sel.” and "Uni." denote the selectivity (SiNx/SiO5) and
the planar uniformity, respectively. Since "Sel.” denotes the selectivity itself, a larger value means a better property. On
the other hand, since "Uni.” denotes the difference between etched sizes at the center and the periphery of a wafer, a
smaller value (absolute value) means a better property.

[0048] In the experiments of FIGS. 5 to 7, attention was paid to three parameters, i.e., the mixture ratio (CH,F5/O5)
between the CH5F> gas and O, gas, the process pressure in the process chamber 16, and the mixture ratio (mixture
gas/carrier gas) between the mixture gas (the CH>F5 gas and O, gas) and the Ar carrier gas. In common to these
experiments, the radio frequency power was set at 500W, and the temperatures in the process chamber were set such
that the upper electrode and the side wall were at 60°C and the lower electrode was at 20°C.

[0049] FIG. 5 shows the relationships of the selectivity (SiNx/SiO5) and the planar uniformity relative to the mixture
ratio (CH,F»/O5). In this experiment, the process pressure and the Ar carrier gas flow rate were set at 100 mTorr and 0
(zero) sccm, respectively. As shown in FIG. 5, where the mixture ratio (CHoF5/O5) was from 0.2 to 0.6, the selectivity
was 4.5 or more and the uniformity was within £7.0%; which is a balanced state between the selectivity and the uni-
formity more than a conventional method. In this range, the selectivity became better with a decrease in the mixture
ratio (CHoF5/O5), but the uniformity became better with an increase in the mixture ratio (CH-F5/O5). Further, where the
mixture ratio (CHoF5/O,) was from 0.3 to 0.5, the selectivity was 5.0 or more and the uniformity was within £6.0%; which
are preferable values. Furthermore, where the mixture ratio (CH,F»/O,) was from 0.3 to 0.4, the selectivity was 5.0 or
more and the uniformity was within £5.0%; which are more preferable values.

[0050] FIG. 6 shows the relationships of the selectivity (SiNx/SiO,) and the planar uniformity relative to the process
pressure. In this experiment, the flow rates of the CHoF5 gas, Os gas, and Ar carrier gas were set at 60 sccm, 100 scem,
and 0 (zero) sccm, respectively. As shown in FIG. 6, where the process pressure was from 50 mTorr to 100 mTorr, the
selectivity was 4.3 or more and the uniformity was within £7.0%; which is a balanced state between the selectivity and
the uniformity more than a conventional method. In this range, both of the selectivity and the uniformity became better
with an increase in the process pressure. Further, where the process pressure was from 65 mTorr to 100 mTorr, the uni-
formity was within £5.0%; which is a preferable value.

[0051] FIG. 7 shows the relationships of the selectivity (SiNx/SiO5) and the planar uniformity relative to the mixture
ratio (mixture gas/carrier gas). In this experiment, the process pressure and the mixture ratio (CH>F5/O5) were set at
40 mTorr and 1, respectively. As shown in FIG. 7, where the mixture ratio (mixture gas/carrier gas) was 1.3 or more, the
selectivity was 3.5 or more and the uniformity was within £7.0%; which is a balanced state between the selectivity and
the uniformity more than in a conventional method. In this range, both the selectivity and the uniformity became better
with an increase in the mixture ratio (mixture gas/carrier gas). Note that, as shown in FIGS. 5 and 6, even where no
carrier gas was used, excellent results were obtained. From these results, it has been found that a preferable range for
the ratio of the mixture gas in the process gas is from about 55% to 100% in volume percentage.

[0052] Tables 1 and 2 show a summary of the relationships of the selectivity (SiNx/SiO,) and the planar uniformity
relative to the above described parameters, made up from the results of the experiments.
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[Table 1)
Selectivity
CH2F/0; Low --- High (Large)
Process Pressure High ~-- Low (Small)
Mixture Gas/Ar High --- Low (Large)
[Table 2)
Uniformity
CH2F /03 High --- Low (Large)
Process Pressure High --- Low (Large)
Mixture Gas/Ar High --- Low (Large)

[0053] Accordingly, in consideration of the above-described experiment results, the present invention can provide a
plasma etching method of wide use, including a process of forming a contact hole as shown in FIG. 4.

[0054] Specifically, there is provided a method of plasma-etching a target substrate in a plasma etching apparatus,
the target substrate having a surface on which a first layer consisting essentially of silicon nitride and a second layer
consisting essentially of silicon oxide are arranged, comprising the steps of:

setting the etching apparatus in light of a set value of etching selectivity of the first layer relative to the second layer,
and a set value of etching planar uniformity defined by a difference between sizes to be processed at a center and
a periphery of the target substrate;

placing the target substrate in a process chamber of the etching apparatus;

supplying a process gas into the process chamber, while exhausting the process chamber, the process gas com-
prising a mixture gas of CHsF5 gas and O, gas at a ratio of from 55% to 100% in volume percentage, the CHoF5
gas and the O, gas being mixed at a first mixture ratio (CHoF»/O5) of from 0.2 to 0.6 in volume ratio;

turning the process gas into plasma by electric discharge, while keeping the process chamber at a first pressure of
from 50 mTorr to 100 mTorr; and

etching the first layer preferentially to the second layer with the plasma,

wherein parameters for the planar uniformity, by which the etching apparatus is set in light of the set value of the
planar uniformity, include the first pressure and the first mixture ratio, and as the set value of the planar uniformity
is more strict, either one of the first pressure and the first mixture ratio is set higher.

[0055] The first pressure is preferably set at a value of from 65 mTorr to 100 mTorr. The first mixture ratio is preferably
set at a value of from 0.3 to 0.5, and more preferably a value of from 0.3 t0 0.4.

[0056] The process gas may further contain a carrier gas of an inactive gas selected from the group consisting of Ar,
He, Ne, Xe, and Ns. In this case, the parameters for the planar uniformity may further include a second mixture ratio
(the mixture gas/the carrier gas). As the set value of the planar uniformity is more strict, any one of the first pressure,
the first mixture ratio, and the second mixture ratio is set higher.

[0057] Parameters for the selectivity, by which the etching apparatus is set in light of the set value of the selectivity,
may also include the first pressure and the first mixture ratio. In this case, as the set value of the selectivity is higher,
the first pressure is set higher, or the first mixture ratio is set lower.

[0058] The parameters for the selectivity may also further include the second mixture ratio (the mixture gas/the carrier
gas). As the set value of the selectivity is higher, either one of the first pressure and the second mixture ratio is set
higher, or the first mixture ratio is set lower.

[0059] In the step of turning the process gas into plasma by electric discharge, the target substrate is preferably
mounted on a worktable set at a temperature of from -30°C to 30°C to control the temperature of the target object.
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[0060] Preferably, the second layer consists essentially of silicon oxide. For example, where a contact hole is formed,
the second layer comprises an inter-level insulating film consisting essentially of silicon oxide and arranged on a top
side of the first layer, and, a field oxide film consisting essentially of silicon oxide and arranged on a bottom side of the
first layer. In this case, before the step of supplying a process gas into the process chamber, the method according to
the present invention further comprises a step of supplying another process gas containing C4Fg into the process
chamber, while exhausting the process chamber, and turning said other process gas into plasma, thereby plasma-etch-
ing the inter-level insulating film to form a hole reaching the first layer in the inter-level insulating film.

[0061] Preferably, in the step of etching the first layer preferentially to the second layer with the plasma, a rotational
magnetic field is formed in the process chamber to be parallel to the surface of the target substrate, so that the plasma
is confined.

[0062] Note that the above described embodiment is exemplified by a reactive ion etching (RIE) apparatus of a dipole
type in which the plasma density is increased by applying the rotational magnetic field to the process space S. However,
the present invention is not limited to the types of plasma processing apparatuses, but is applicable to apparatuses of
any type. For example, the present invention may be applied to a plasma etching apparatus in which a radio frequency
power is applied only to the upper electrode, a plasma etching apparatus in which radio frequency powers are applied
both of the upper and lower electrodes, or a plasma etching apparatus in which plasma is generated by means of micro-
waves. Further, the above described embodiment is exemplified by a case where a semiconductor wafer is etched as
a target object. The present invention may be applied to cases where a film is formed on a glass substrate, LCD sub-
strate, or the like.

Claims

1. A method of plasma-etching a target substrate in a plasma etching apparatus, the target substrate having a surface
on which a first layer consisting essentially of silicon nitride and a second layer consisting essentially of silicon or
silicon oxide are arranged, comprising the steps of:

setting the etching apparatus in light of a set value of etching selectivity of the first layer relative to the second
layer, and a set value of etching planar uniformity defined by a difference between sizes to be processed at a
center and a periphery of the target substrate;

placing the target substrate in a process chamber of the etching apparatus;

supplying a process gas into the process chamber, while exhausting the process chamber, the process gas
comprising a mixture gas of CH,F, gas and O, gas at a ratio of from 55% to 100% in volume percentage, the
CH,F, gas and the O, gas being mixed at a first mixture ratio (CH,F»/O5) of from 0.2 o 0.6 in volume ratio;
turning the process gas into plasma by electric discharge, while keeping the process chamber at a first pres-
sure of from 50 mTorr to 100 mTorr; and

etching the first layer preferentially to the second layer with the plasma,

wherein parameters for the planar uniformity, by which the etching apparatus is set in light of the set value of
the planar uniformity, include the first pressure and the first mixture ratio, and as the set value of the planar uni-
formity is more strict, either one of the first pressure and the first mixture ratio is set higher.

2. The method according to claim 1, wherein the first pressure is set at a value of from 65 mTorr to 100 mTorr.

3. The method according to claim 1, wherein the first mixture ratio is set at a value of from 0.3 to 0.5.

4. The method according to claim 3, wherein the first mixture ratio is set at a value of from 0.3 to 0.4.

5. The method according to claim 1, wherein the process gas further contains a carrier gas of an inactive gas.

6. The method according to claim 5, wherein the parameters for the planar uniformity further include a second mixture
ratio (the mixture gas/the carrier gas), and, as the set value of the planar uniformity is more strict, any one of the

first pressure, the first mixture ratio, and the second mixture ratio is set higher.

7. The method according to claim 5, wherein the carrier gas is selected from the group consisting of Ar, He, Ne, Xe,
and No.

8. The method according to claim 1, wherein parameters for the selectivity, by which the etching apparatus is set in
light of the set value of the selectivity, include the first pressure and the first mixture ratio, and, as the set value of
the selectivity is higher, the first pressure is set higher, or the first mixture ratio is set lower.
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The method according to claim 8, wherein the process gas further contains a carrier gas of an inactive gas.

The method according to claim 9, wherein the parameters for the selectivity further include a second mixture ratio
(the mixture gas/the carrier gas), and, as the set value of the selectivity is higher, either one of the first pressure
and the second mixture ratio is set higher, or the first mixture ratio is set lower.

The method according to claim 9, wherein the carrier gas is selected from the group consisting of Ar, He, Ne, Xe,
and No.

The method according to claim 1, wherein, in the step of turning the process gas into plasma by electric discharge,
the target substrate is preferably mounted on a worktable set at a temperature of from -30°C to 30°C to control the
temperature of the target object.

The method according to claim 1, wherein the second layer consists essentially of silicon oxide.

The method according to claim 13, wherein the second layer comprises an inter-level insulating film consisting
essentially of silicon oxide and arranged on a top side of the first layer, and a field oxide film consisting essentially
of silicon oxide and arranged on a bottom side of the first layer, and

wherein, before the step of supplying a process gas into the process chamber, the method further comprises a step
of supplying another process gas containing C,Fg into the process chamber, while exhausting the process cham-
ber, and turning said other process gas into plasma, thereby plasma-etching the inter-level insulating film to form a
hole reaching the first layer in the inter-level insulating film.

The method according to claim 1, wherein, in the step of etching the first layer preferentially to the second layer with
the plasma, a rotational magnetic field is formed in the process chamber to be parallel to the surface of the target
substrate, so that the plasma is confined.
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